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Description 

[NON-VOLATILE MEMORY AND 
FABRICATING METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application is a divisional application of, and claims 

the priority benefit of U.S. application serial no. 

10/248,467, filed on January 22, 2003. 
Background of Invention 

[0002] Field of Invention 

[0003] The present invention relates to a non-volatile memory 
and fabricating method thereof. More particularly, the 
present invention relates to a mask read-only-memory 
(mask ROM) and fabricating method thereof. 

[0004] Description of Related Art 

[0005] Most mask read-only-memory (mask ROM) has a struc- 
ture that includes a plurality of bit lines (BL) and a plural- 
ity of word lines (WL) that cross over the bit lines. Under- 
neath the word lines and between two neighboring bit 


lines, there is a memory cell channel region. For some 
mask ROM, a data value of "1" or "0" is stored according 
to whether ions are implanted into the channel layer or 
not. The process of implanting ions into the specified 
channel regions is often referred to as a code implant 
process. 

[0006] The code implant process of a mask ROM includes pat- 
terning a photoresist layer on a substrate using a pho- 
tomask to expose the code implant regions and then con- 
ducting an ion implantation to implant ions into the des- 
ignated regions using the patterned photoresist layer as a 
mask. However, the photomask that serves as a coding 
mask in the code implant process may contain single iso- 
lated patterns as well as dense patterns. During the trans- 
fer of pattern to the photoresist by photo-exposure, in- 
tensity of illumination on single isolated patterns will be 
weaker than intensity of illumination on dense patterns. 
Hence, deviation in critical dimension between dense pat- 
tern regions and isolated pattern regions due to optical 
proximity effect (OPE) can be considerable. Therefore, the 
code implant regions in the mask ROM may have non- 
uniform dimension leading to a misalignment of im- 
planted ions in the channel implant process. Ultimately, 


wrong data may be programmed into the read- 
only-memory cells. 

[0007] jo reduce the difference in critical dimension in the mask 
ROM due to coexistence of dense and isolated pattern re- 
gions within the same photomask, technique such as an 
optical proximity correction (OPC) or a phase shift mask 
(PSM) is deployed. The optical proximity correction 
method utilizes a complementary pattern design to elimi- 
nate critical dimension deviation caused by proximity ef- 
fect. However, to deploy the OPC method, a photomask 
with specialized pattern must be designed. Thus, aside 
from spending more time to fabricate the photomask, the 
photomask is more difficult and costly to fabricate. Fur- 
thermore, debugging any defects on the photomask pat- 
tern after fabrication is very difficult. 

[0008] | n addition, if the coding mask used for coding implant is 
misaligned or contains some deviation in critical dimen- 
sion, coding ions originally intended for the designated 
implant regions may diffuse into the buried bit lines lead- 
ing to a change in ion concentration. Consequently, there 
may be a considerable reduction in the current flowing 

through the buried bit line. 
Summary of Invention 


[0009] Accordingly, one object of the present invention is to pro- 
vide a mask read-only-memory (mask ROM) structure and 
fabricating method thereof that prevents coding ions from 
diffusing into a buried bit line and leads to a considerable 
reduction in current flowing through the buried bit line 
during operation. 

[0010] a second object of this invention is to provide a mask 
read-only-memory structure and a fabricating method 
thereof that prevents the production of non-uniform criti- 
cal dimensions in a code implant region having both iso- 
lated patterns and dense patterns after memory coding as 
in a conventional code implant process. 

[001 1] a third object of this invention is to provide a mask read- 
only-memory structure and fabricating method thereof 
capable of coding the mask ROM with great precision 
without using optical proximity or phase shift mask tech- 
nique, thereby lowering cost of production. 

[0012] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a method 
of fabricating a non-volatile memory. A longitudinal strip 
of stacked layer is formed over a substrate. The longitudi- 
nal strip is a stacked layer comprising a gate dielectric 


layer, a conductive layer and a cap layer. A buried bit line 
is formed in the substrate on each side of the longitudinal 
strip. The longitudinal strip is patterned in a direction 
perpendicular to the buried bit line to form a plurality of 
stacked blocks. Thereafter, a dielectric layer is formed 
over the substrate. The dielectric layer exposes the cap 
layer of the stacked blocks. A code-masking layer is 
formed over the dielectric layer. The code-masking layer 
includes openings for isolated pattern regions and open- 
ings for dense pattern regions that expose a portion of 
the cap layer of the stacked blocks. Due to optical prox- 
imity effect, both the isolated pattern region openings and 
the dense pattern region openings have deviation in some 
critical dimensions. Using the code-masking layer as an 
etching mask, the cap layers of some stacked blocks are 
removed to expose the conductive layer underneath. The 
cap layer is removed by conducting an anisotropic etching 
operation. Although the critical dimension of the opening 
in the code-masking layer is non-uniform, the ultimately 
formed memory device in this invention is little affected 
by the non-uniform critical dimension because the 
anisotropic etching step removes the cap layer of the 
stacked blocks smoothly and completely. In addition, the 


cap layer over the stacked blocks need not be completely 
removed in the anisotropic etching process as long as a 
portion of the underlying conductive layer of the stacked 
blocks is exposed for connecting with a subsequently 
formed word line. The code-masking layer is next re- 
moved and then a word line is formed over the dielectric 
layer so that stacked blocks in the same row are serially 
connected to form a plurality of coding memory cells. 
Among these coding memory cells, the ones having elec- 
trical connection between the word line and the conduc- 
tive layer is in a first logic state and the ones having no 
electrical connection between the word line and the con- 
ductive layer is in a second logic state. 
[0013] This invention also provides a non-volatile memory struc- 
ture. The non-volatile memory includes a substrate, a 
buried bit line, a plurality of first stacked blocks, a plural- 
ity of second stacked blocks and dielectric layer and a 
word line. The buried bit line is embedded within the sub- 
strate. The first stacked blocks are positioned on the sub- 
strate. Each first stack blocks is a stack that includes a cap 
layer, a conductive layer and a gate dielectric layer. The 
second stacked blocks are also positioned on the sub- 
strate. Each second stacked block is a stack that includes 


a conductive layer and a gate dielectric layer. The dielec- 
tric layer is on the substrate for electrically isolating the 
first stacked blocks and the second stacked blocks. The 
word line is positioned over the dielectric layer so that the 
first stacked blocks and the second stacked blocks along 
the same row are serially connected together to form a 
plurality of coding memory cells. Among the coding 
memory cells, the ones having a first stacked block is in a 
first data state and the ones having a second stacked 
block is in a second data state. 

[0014] The mask ROM coding method according to this invention 
utilizes the connectivity between the word line and a con- 
ductive layer instead of a conventional code implant pro- 
cess to code the memory device. Hence, non-uniform di- 
mensions in the code implant region within a memory de- 
vice caused by a non-uniformity of critical dimensions be- 
tween the isolated pattern region and the dense pattern 
region within a code-masking layer is prevented. 

[0015] Because the mask ROM coding method according to this 
invention is not based on the conventional code implant 
process, the diffusion of coding ions into the buried bit 
line will not occur. In other words, current reduction 
within the buried bit line due the diffusion of coding ions 


no longer is a problem in this invention. 
[0016] Furthermore, two sets of photomask designs each having 
a different line/pitch pattern are used to form the stacked 
blocks. Hence, dimension of the stacked blocks can be re- 
duced to about 0.12 urn. In other words, critical dimen- 
sion of the memory device can be reduced to about 0.12 
urn. 

[° 017 ] Since the coding process according to this invention does 
not involve the use of complicated optical proximity cor- 
rection or phase shift mask technique, cost for producing 
mask ROM is reduced considerably. 

[0018] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0019] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0020] pigs. 1A to IF are perspective cross-sectional views show- 


ing the progression of steps for producing a mask read- 
only-memory according to one preferred embodiment of 
this invention. 

[0021] pig. 2 is a top view of the structure shown in Fig. ID. 
Detailed Description 

[0022] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0023] pigs. 1A to IF are perspective cross-sectional views show- 
ing the progression of steps for producing a mask read- 
only-memory according to one preferred embodiment of 
this invention. As shown in Fig. 1A, a longitudinal strip of 
stacked layer 101 is formed over a substrate 100. The 
longitudinal strip is a stack comprising of a gate dielectric 
layer 102, a conductive layer 104 and a cap layer 106. In 
this embodiment, the substrate is a P-type silicon sub- 
strate, the gate dielectric layer 102 is a gate oxide layer, 
the conductive layer 104 is a polysilicon layer and the cap 
layer 106 is a silicon oxide layer, for example. The longi- 


tudinal strip is formed, for example, by sequentially form- 
ing a thin oxide layer, a polysilicon layer and a silicon ox- 
ide layer over the substrate 100 and then patterning them 
by conducting photolithographic and etching processes. 

[0024] Thereafter, using the longitudinal layer 101 as an implant 
mask, an ion implantation is carried out to form a buried 
bit line 108 in the substrate 100 on each side of the lon- 
gitudinal strip 101. The buried bit line 108 is an N-doped 
region, for example. Since the buried bit line 108 is 
formed using the longitudinal strip 101 as a mask, the 
buried bit line 108 is self-aligned. 

[0025] As shown in Fig. IB, the longitudinal strip 101 is pat- 
terned in a direction perpendicular to the buried bit line 
108 to form a plurality of stacked blocks 101a. The longi- 
tudinal layer 101 is patterned, for example, by conducting 
photolithographic and etching processes. In the pattern- 
ing step, only the cap layer 106 and the conductive layer 
104 need to be patterned. However, the cap layer 106, the 
conductive layer 104 and the gate dielectric layer 102 may 
be patterned together to form the stacked block 101a 
having a cap layer 106a, a conductive layer 104a and a 
gate dielectric layer 102a (or 102). The conductive layer 
104a in the stacked block 101a serves as a gate. 


[0026] N 0 te that the stacked blocks 101a are patterned using 

two sets of photomasks each having a different line/pitch 
pattern. Hence, a stacked block with dimension as small 
as 0.12um is easily fabricated using a 248 photo-ex- 
posure light source. 

[0027] a s shown in Fig. 1C, a dielectric layer 110 is formed over 
the substrate 100 such that the cap layers 106a of the 
stacked blocks 110a are exposed. The dielectric layer 110 
is formed, for example, by depositing dielectric material 
over the substrate to cover the stacked blocks 101a and 
then etching back or removing a portion of the dielectric 
layer through chemical-mechanical polishing until the cap 
layers 106a are exposed. Etching rate differs between the 
dielectric layer 110 and the cap layer 106a. That is, the 
dielectric layer 110 has an etching rate smaller than the 
cap layer 106a. Hence, if the cap layer 106a is a silicon 
oxide layer, the dielectric layer 110 is a silicon nitride 
layer. 

[0028] As shown in Fig. ID, a code-masking layer 112 is formed 
over the dielectric layer 110. The code-masking layer 112 
has a dense pattern region opening 114 and an isolated 
patterned region opening 116 that exposes a portion of 
the cap layer 106a of the stacked blocks 110a. Fig. 2 is a 


top view of the coding-mask layer 112. In the photolitho- 
graphic process for forming the code-masking layer 112, 
strength of exposure in the isolated pattern region is 
much weaker than the dense pattern region. Due to opti- 
cal proximity effect between the dense pattern opening 
114 and the isolated pattern opening 116, critical dimen- 
sions may deviate leading to the production of openings 
having a non-uniform dimension. 
[0029] Thereafter, using the code masking layer 112 as an etch- 
ing mask, an etching is conducted to remove the exposed 
cap layers 106a. The cap layer 106a is removed, for ex- 
ample, by conducting an anisotropic etching. The 
anisotropic etching can be a dry etching process (the 
etchant is gases) or a wet etching process (the etchant is 
liquids). In this embodiment, the etchant used in the 
anisotropic etching operation includes, for example, 
buffered oxide etching (BOE) solution or hydrofluoric (HF) 
acid and so on. 

[0030] Although the critical dimension of the openings 114, 116 
in the code-masking layer 112 is non-uniform, the ulti- 
mately formed memory device in this invention is little af- 
fected by the non-uniform critical dimension. This is be- 
cause coding is achieved by removing the cap layers 106a 


of the stacked blocks 101a in an anisotropic etching pro- 
cess instead of a code implant process. 
[0031] N 0 te that even if the cap layer 106a of the stacked block 
101a is only partially exposed by the isolated pattern re- 
gion opening 116, the anisotropic etching is still able to 
remove the cap layers 106a inside the opening 114. In 
addition, the cap layer 106a over the stacked blocks 101a 
within the opening 114 need not be completely removed 
in the anisotropic etching process as long as a portion of 
the underlying conductive layer of the stacked blocks is 
exposed for connecting with a subsequently formed word 
line. 

[0032] Furthermore, the dense pattern opening 114 in the code- 
masking layer 112 may expose a portion of the dielectric 
layer 110 around the stacked block 101a aside from ex- 
posing the cap layer 106a. However, due to an etching se- 
lectivity between the cap layer 106a and the dielectric 
layer 110, only the cap layer 106a will be removed in the 
etching operation. 

[0033] As shown in Fig. IE, the code-masking layer 112 is re- 
moved by etching to expose the dielectric layer 110. After 
the etching step, the stacked blocks 101a whose cap layer 
106a is removed become stacked blocks 101b. Each stack 


block 101b is a stack having a conductive layer 104a and 
a gate dielectric layer 102a (or 102) only. An opening 118 
is formed in the dielectric layer 110 where the cap layer 
106a has already been removed. The opening 118 ex- 
poses the conductive layer 104a of the stacked block 
101b. 

[0034] a s shown in Fig. IF, a word line 120 is formed over the 
dielectric layer 110 serially connecting the stacked blocks 
101a, 101b in the same row to form a plurality of coding 
memory cells. Among the coding memory cells, the one 
having electrical connection (having a stacked block 101b) 
between the word line 120 and the conductive layer (the 
gate) 104a is in a first data state. On the other hand, the 
coding memory cells having no electrical connection 
(having a stacked block 101a) between the word line 120 
and the conductive layer (the gate) is in a second data 
state. 

[0035] The non-volatile memory structure according to this in- 
vention includes a substrate 100, a buried bit line 108, a 
plurality of first stacked blocks 101a, a plurality of second 
stacked blocks 101b, a dielectric layer 110 and a word 
line 120. The buried bit line 108 is embedded within the 
substrate 100. The first stacked blocks 101a are posi- 


tioned on the substrate 100. Each first stack blocks 101a 
is a stack that includes a cap layer 106a, a conductive 
layer 104a and a gate dielectric layer 102a. The second 
stacked blocks 101b are also positioned on the substrate 
100. Each second stacked block 101b is a stack that in- 
cludes a conductive layer 104a and a gate dielectric layer 
102a. The dielectric layer 110 is on the substrate 100 for 
electrically isolating the first stacked blocks 101a and the 
second stacked blocks 101b. The word line 120 is posi- 
tioned over the dielectric layer 110 so that the first 
stacked blocks 101a and the second stacked blocks 101b 
along the same row are serially connected together to 
form a plurality of coding memory cells. Among the cod- 
ing memory cells, the ones having a first stacked block 
101a is in a first data state and the ones having a second 
stacked block 101b is in a second data state. 
[0036] The mask ROM coding method according to this invention 
utilizes the connectivity between the word line and the 
conductive layer instead of a conventional code implant 
process to code the memory device. Hence, non-uniform 
dimensions in the code implant region within a memory 
device caused by a non-uniformity of critical dimensions 
between the isolated pattern region and the dense pattern 


region within a code-masking layer is prevented. 

[0037] Because the mask ROM coding method according to this 
invention is not based on the conventional code implant 
process, the diffusion of coding ions into the buried bit 
line will not occur. In other words, current reduction 
within the buried bit line due the diffusion of coding ions 
no longer is a problem in this invention. 

[0038] Furthermore, two sets of photomask designs each having 
a different line/pitch pattern are used to form the stacked 
blocks. Hence, dimension of the stacked blocks can be re- 
duced to about 0.12um. In other words, critical dimension 
of the memory device can be reduced to about 0.12um. 

[0039] since the coding process according to this invention does 
not involve the use of complicated optical proximity cor- 
rection or phase shift mask technique, cost for producing 
mask ROM is reduced considerably. 

[0040] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 


